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NUCLEIC ACID RESPIRATORY SYNCYTIAL VIRUS VACCINES 

/ 

FTPIfD Of INVENTION 

A The present invention is related to the field of 

Respiratory Syncytial . Virus (RSV) vaccines and is 
, particularly concerned with vaccines comprising nucleic 

5 acid sequences encoding the fusion (F) protein of RSV. 
REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part of 
copending United States Patent Application No. 
08/476,397, filed June 7, 1995. 
10 BACKGROUND OF INVENTION 

Respiratory syncytial virus (RSV) , a negative -strand 
RNA virus belonging to the Pcuramyxoviridae family of 
viruses, is the major viral pathogen responsible for 
bronchiolitis and pneumonia in infants and young children 
15 (ref. l - Throughout this application, various 
references are referred to in parenthesis to more fully 
describe the state of the art to which this invention 
pertains- Full bibliographic information for each 
citation is found at- the end of the specification, 
20 immediately preceding the claims. The disclosures of 
these references are hereby incorporated by reference 
into the present disclosure) . Acute respiratory tract 
infections caused by RSV result in approximately 90,000 
hospitalizations and 4,500 deaths per year in the United 
25 States (ref . 2) . Medical care costs due to RSV infection 
are greater than $340 M annually in the United States 
alone (ref. 3) . There is currently no licensed vaccine 
against- RSV. The main approaches for developing an RSV 
vaccine have included inactivated virus, live-attenuated 
30 viruses and subunit vaccines. 

. The F protein of RSV is considered to be one of the 
most important protective antigens of the virus. There 
is a significant similarity (89V identity) in the amino 
acid sequences of the P proteins from RSV subgroups A and 
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viruses of h antl " F 3ntib0dies «» -oss-neutralize 
viruses of both subgroups as well as protect immunized 
animals against infection with , viruses from both 

S 2S" d ^ ' FUrtheiTOOre < ^ F P-tein has been 

5 "tentifaed a, a major target for RSV-specif ic cytotoxic 
T- lymphocytes in mice and humans (ref. 3 and ref 5) 

The use of RSV proteins as vaccines may have 
obstacles. Parenterally administered vaccine candidates 

10 to^ tT T OVen t0 ^ PO ° rly iraa ^nic with regard 
to the induction of neutralizing antibodies in 
seronegative humans or chimpan 2 ees. The serum antibody 

HZTt d indUCed ^ thSSe -y be further 

diminished in the presence of passively acquired 
antibodies/ such as the transplacental^ acquired 
subunit which most young infants possess, * 

fus^ Candidate ** HSV consisting of purified 

fusion glycoprotein from RSV infected cell cultures and 
Zl 1 7 -^affinity or ion-exchange chromatography 
has been described (ref. 6) . Parenteral immunisation of 

preT": " "~ Se ™ fci - chimpan Z ees with this 
preparation was performed and three doses of 50 ug were 
required in seronegative animals to induce an RSV serum 
neutralizing tit re of approximately 1:S 0. ^ 
subsequent challenge of these animals with wild-type iv 
25 no effect of immunization on virus shedding or cTinSl 
disease could be detected ^ ^ ■ ~- 

The effect ^ * eteCted ln the respiratory tract. 

ItlJf - immunisation with this vaccine on virus 
shedding m the lower" respiratory tract was not 
investigated, although this is the sit« ^ ^ 
3n ^nv . • . tne site where the serum 

30 antibody induced by parenteral immunization may be 
expected to have its greatest effect. safety azS 
i^nogenicity studies have been performed in a"^ 

fotd J b Ser ?° SitiVe indiv ^-l- *he vaccine was . 
found to be safe in seropositive children and in three 
35 seronegative children (all > 1 a « cnree 

effects r,f • years of age). The 

effects of immunization on lower respiratory tract 
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disease could not be determined because of the small 
number of children immunized. One immunizing dose in 
seropositive children induced a 4 -fold increase in virus 
neutralizing antibody titres in 40 to 60* of the 
5 vaccinees. Thus, insufficient information is available 
from these small studies to evaluate the efficacy of this 
vaccine against RSV-induced disease. A further problem 
facing subunit RSV vaccines is the possibility that 
inoculation of seronegative subjects with immunogenic 
10 preparations might result in disease enhancement 
(sometimes referred to as immunopotentiation) , similar to 
that seen in formalin inactivated RSV vaccines, in some 
studies, the immune response to immunization with RSV F 
protein or a synthetic RSV FG fusion protein resulted in 
15 a disease enhancement in rodents resembling that induced 
by a formalin-inactivated ; RSV vaccine. The association 
of immunization with disease enhancement using non- 
replicating antigens suggests caution in their use as 
vaccines in seronegative humans* 
20 Live attenuated vaccines against disease caused by 

RSV may be promising for two main reasons. Firstly, 
infection by a live vaccine virus induces a balanced 
immune response comprising mucosal and serum antibodies 
and cytotoxic T- lymphocytes . Secondly, infection of 
25 infants with live attenuated vaccine candidates or 
naturally acquired wild-type virus is not associated with 
enhanced disease upon subsequent natural reinfection. It, 
will be challenging to produce live attenuated vaccines 
that are immunogenic for younger infants, who possess 
30 maternal virus-neutralizing antibodies and yet are 
attenuated for seronegative infants greater than or equal = 
to € months of age. Attenuated live virus vaccines also 
have the risks of residual virulence and genetic 
instability. 

35 Injection, of plasmid DNA containing sequences 

encoding a foreign protein has been shown to result in 
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eJ Tr^ l0n ° £ Pr ° tein *»* th * Action of 

an ibody and cytotoxic T-lymphocyte responses Co 

r^T"*" ° £ studies iMe - £ « •**■«>*«. ■»«'. 

5 vL i U " ° f PlM,,,id in °=»l«ion to express 

5 vxral proteins for tne purpose of immtmizacion y . 

several advantages over the strategies summarized above 
Firstly. encoding a viral antigen can^be introduced 

loss of potency due to neutralization of virus by the 
10 antibodies. Secondly, the antigen expressed U T ^> 
should exhibit a native conformation and, theSJre 
should induce an antibody response similar to cnat 

infection U - r — 1 *->—t * 'he wild-type Virus 
infection m contrast, some processes used in 

^^T b ° f Pr0t6iM - ^ . conformation 
orotTVV ^ reSUlt " ^ 1080 ° £ *™° S <mioity of 

STrT ,1 "* POMibl1 ' ^-^Potentiation. 

™ l rdly, the expression of proteins from injected plasmid 
™* can be detected in vivo for a considerably W 

^1°!^ thaD thSt ^ 'i— i^eoted ceUs^enl 
^ha. the .heoretica! advantage of prolonged cytotoxic 

PourtL T ■ e ° hanCea - tl6e *' responses. 

Fourthly, in vivo expression of antigen may provide 
protection without the need for an extrinsic adjuv^ 

RSV bTL i " mmiM " 9aini,t » "used by 

H^v by acainistration of a DM& molecule encoding an w 

protein was unknown before the present invention m 

P-t.cular. the efficacy of ionization against £ ' 

the RSV P protern wa, urtoiown . mf ection with RSV leads ' 
to series disease. It would be useful and desirable ~ 
Provide isolated gene, encoding RSV F t " i " rable to 

«. r ,„ . " =»<u-ng KSV F protein and vectors 

tlL V1V ° administration for use i„ ilimra n 0genic ■ 
preparations, including vaccines, for protection agll^t 

35 disease caused by. RSV and for- WMt 
d-i ami no) .j fl for tne generation of 

diagnostic reagents and kit.. Ia particular, it would be 



desirable to provide vaccines that are immunogenic and 

protective in humans, including seronegative infants, 

that dp not cause disease enhancement 

(inununopotentiation) . 
5 SUMMARY OF INVENTION 

The present invention relates to a method of 

immunizing a host against disease caused by respiratory 

syncytial virus, to nucleic acid molecules used therein, 

and to diagnostic procedures utilizing the nucleic acid 
10 molecules. In particular, the present invention is 

directed towards the provision of nucleic _ acid 

respiratory syncytial virus vaccines. 

In accordance with one aspect of the invention, 

there is provided a vector, comprising: 
15 - a first nucleotide sequence * encoding an RSV F 

protein or a protein capable of inducing antibodies that 

specifically react with RSV F. protein; 

a promoter sequence operatively coupled to the first 

nucleotide sequence for expression of the RSV F protein, 
20 and 

a second- nucleotide sequence located adjacent the 
first nucleotide sequence to enhance the ixnraunoprotective 
ability of the RSV F. protein when expressed in vivo from 
the vector in a host. 

25 The first nucleotide sequence .may be that which 

encodes a full-length RSV F protein, as seen in Figure 2 
(S£Q ID No: 2). Alternatively, the first nucleotide 
sequence may be that which encodes an RSV F. protein from 
which the transmembrane region is absent , The latter 
.. 30 embodiment may be provided by a nucleotide sequence which 
encodes a full-length RSV F protein but : contains .'a' 
trans lational stop codon immediately upstream of the 
start of the transmembrane coding region, thereby 
preventing expression of a transmembrane region of the 

35 RSV F protein, as seen in Figure 3 (SEQ. ID No. 4) . The 
i« T lack of expression of the transmembrane region results in 
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a secreted, form of the RSV p protein. 

The second nucleotide sequence may comprise a pair 
of splice sites to prevent aberrant mRNA splicing, 
thereby substantially all transcribed raRNA encodes the 
RSV protein.. Such second nucleotide sequence may be 
located between the first nucleotide sequence and the 
promoter sequence. Such second nucleotide sequence may 
be that of rabbit 0- glob in intron II, as shown in Figure 
8 (SEQ ID No: 5) . 

A vector encoding the P protein and provided by this 
aspect of the invention may specifically be pXL2 or pXL4, 
as seen in Figures s'or 7. 

The promoter sequence may be an immediate early 
cytomegalovirus < CMV) promoter . Such cytomegalovirus 
promoter has not previously been employed in vectors 
containing, nucleotide sequences encoding an RSV F 
protein. 

Accordingly, in another aspect of the invention, 
there is provided a vector, comprising: 
20 a fi rst nucleotide sequence encoding an RSV F ■ 

protein or a protein capable of generating antibodies 
that specif ically react with RSV F protein, and 

a cytomegalovirus promoter operatively coupled to 
the first nucleotide sequence for expression of the RSV 
25 F protein. 

The first nucleotide sequence may be any of the 
alternatives described above . The second nucleotide 
sequence, included to enhance the immunoprotective 
ability of the RSV F protein when expressed in vivo from 
30 the vector in a host, described above also may be present 
located adjacent a first nucleotide sequence in a vector 
provided in accordance with this, second aspect of the 
invention. 

Certain of the vectors provided herein may be used 
to immunize a host against RSV infection or disease by in 
vivo expression of RSV F protein lacking a transmembrane 
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region following administration of the vectors. In 
accordance with a further aspect of the present 
invention, therefore, there is provided a method of 
immunizing a host against disease caused by infection 
with respiratory syncytial virus, which comprises 
administering to the host an effective amount of a vector 
comprising a first nucleotide sequence encoding an RSV F 
protein, a protein capable of generating antibodies that 
specifically react with RSV F protein or an RSV F protein 
lacking a transmembrane region and a promoter sequence 
operatively coupled to the first nucleotide sequence for 
expression of the RSV F protein in the host, which may be 
a human. The promoter may be an immediate early 
;/ cytomegalovirus promoter, 

15 - The nucleotide sequence encoding the truncated RSV 

jtv F protein lacking the transmembrane region may be that as 
described above. 

A vector containing a second nucleotide sequence 
located adjacent a first nucleotide sequence encoding an 

20 RSV F protein, a protein capable of inducing antibodies 
chat specifically react with RSV F protein or an RSV F 
protein lacking a transmembrane region and effective to 
enhance the immunoprotective ability of the RSV F protein 
expressed by the first nucleotide sequence may be used to 

25 immunize a host. Accordingly, in an additional aspect of 
the present invention, there is provided a method of 
immunizing a. host against disease caused by infection 
with respiratory syncytial virus (RSV) , which comprises 
administering to the host an effective amount of a vector 

30 comprising a. first nucleotide sequence encoding an RSV F 
protein, a protein capable of generating antibodies that 
> : specifically react with RSV F protein or an RSV F protein 
lacking a transmembrane region, a promoter sequence 
operatively coupled to the first nucleotide sequence for ' 

35 expression of the RSV F protein, and a second nucleotide 
sequence located adjacent the first sequence to enhance 
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the immunoprotective ability of the RSV-F protein .when 
expressed in vivo from said vector in said host. 
Specific vectors which may be used in this aspect of the 
invention axe those identified as pXL2 and pXL4 in 
Figures 5 and 7. 

The present invention also includes a novel method 
of using a gene encoding an RSV P protein, a protein 
capable of generating antibodies that specifically react 
with RSV F protein or an RSV P protein lacking a 
transmembrane region to protect a host against disease 
caused by infection with respiratory syncytial virus, 
which comprises: 

isolating the gene,- 
. operatively linking the gene to at least one control 
sequence to produce a vector, said, control sequence 
directing expression of the rsv F protein when said, 
vector is introduced into a host to produce an immune 
response to the RSV F protein, and 

introducing the vector into the. host. 
The procedure provided in accordance with this aspect of 
the invention may further include the step of: 

_ operatively linking the gene to an immunoprotection 
enhancing sequence to produce an enhanced 
immunoprotection by the RSV F protein in the host 
preferably by introducing the immunoprotection enhancing 
sequence between the control sequence and the gene. 

In addition, the present invention includes a method 
of producing a vaccine for protection of a host against 
disease caused by infection with respiratory syncytial 
30 virus,; which comprises: 

isolating a first nucleotide sequence' encoding an 
RSV F protein, a protein capable of generating antibodies 
that specifically react with RSV F protein or an RSV F 
protein lacking a transmembrane region; 

operatively linking the first nucleotide sequence to 
at least one control sequence to prcdnce a" vector, the 
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control sequence directing expression of the Rsv f 
protein when- introduced into a host to produce an immune 
response to the RSV P protein when expressed in vivo from 
the vector in a host, and 

formulating the vector as a vaccine for in vivo 
administration* 

The first nucleotide sequence further may be 
operatively linked to a second nucleotide sequence to 
enhance the iramunoprotective ability of the RSV F protein 
when expressed in vivo from the vector in a host. The 
vector may be selected from pXLl, pXL2 and pXL4 . The 
invention further includes a vaccine for administration 
to a host, including a human host, produced by this 
method 3s well as immunogenic compositions comprising an 
immunoeffective amount of the vectors described herein. 

. As noted previously, the vectors provided herein are 
useful in diagnostic applications. In a further aspect 
of the invention, therefore, there is provided a method 
of determining the presence of ah RSV f protein in a 
sample, comprising the steps of: 

(a) immunizing a host with a vector comprising a 
first nucleotide sequence encoding an RSV F protein, 
a protein capable of generating antibodies that 
specifically react with RSV P protein or an RSV F 
protein lacking a transmembrane * region and a 
promoter sequence operatively coupled to the first 
nucleotide sequence for expression of the RSV F 
protein in the host to produce antibodies specific 
for the RSV F protein; 

{b > isolating the RSV F protein specific 
antibodies; 

(c) contacting the sanrple with the isolated 
antibodies to produce complexes comprising any RSr\r 
F protein present in the sample and the RSV F 
protein- specific antibodies; and 

(d) determining production of the complexes. 
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The vector employed to elicit the antibodies may be pXLi, 
pXL2, pXL3 or pXL4. 

The invention also includes a diagnostic kit for 
detecting the presence of an rsv F protein in a sample, 
5 comprising: 

:(a) a vector comprising a first nucleotide sequence 
encoding an RSV F protein, a protein capable of 
generating antibodies that specifically react with 
RSV F protein, or a RSV F protein lacking a 
10 transmembrane region and ; a promoter sequence 

operatively coupled to said first nucleotide 
sequence for expression of said RSV F protein in a 
host immunized therewith to produce antibodies 
.' specific for the RSV F protein ; 

15 (b) isolation means to isolate said RSV F protein 

specific antibodies; 

(c) contacting means to contact the isolated RSV F 
specific antibodies with the sample to produce a 
complex comprising any RSV F protein present in the 
sample and RSV F protein specific antibodies; and 

(d) identifying means to determine production of 
. ■s; . the complex. 

i: The P^sent invention is further directed to 
immunization wherein the polynucleotide is an RNA 
molecule which codes for an RSV F protein, a protein 
capable of inducing antibodies that specifically react - 
with RSV F protein or an RSV F protein lacking a 
transmembrane region. 

The present invention . is further directed to ;a 
method for producing RSV F protein specific polyclonal 
antibodies comprising the use of the immunization method 
described- herein, and. further comprising- the step of - 
isolating the RSV . F - protein specific polyclonal 
antibodies from the immunized animal. 

The present invention is also directed to a method 
for producing monoclonal antibodies specific for an F 
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protein of RSV, comprising the steps of: 

(a) constructing a vector comprising a first 
nucleotide sequence encoding a RSV F protein and a 
promoter sequence operatively coupled to said first 

5 nucleotide sequence for expression of said RSV F 

protein; and, optionally, 

-a second nucleotide sequence located adjacent 
said first nucleotide sequence to enhance the 
iramunoprotective ability of said RSV F protein when 
10 expressed in vivo from said vector in a host* 

(b) administering the vector to at least one mouse 
to produce at least one immunized mouse; 

(c) removing B- lymphocytes from the at least one 
- ■. immunized mouse; . 

15 (d) fusing the B -lymphocytes from the at least one 

: immunized mouse with myeloma cells, thereby 
producing hybridomas; 

(e) cloning the hybridomas; 

(f) selecting clones which produce anti-F protein 
20 antibody; 

(g) culturing the ant i -F protein antibody-producing 
clones ; and 

(h) isolating anti-F protein monoclonal antibodies,. 
In this application, the term "RSV F protein M is 

. 25 used to define a full-length RSV F protein, such proteins 
. having variations in their amino acid sequences including 
those naturally occurring in various strains of RSV, a 
secreted form of RSV P protein lacking a transmembrane 
region, as well as functional analogs of the RSV F 
3 0 protein. In, this application/ a first protein is a 
"functional analog" of a second protein if the first' 
protein is immunologically related to. and/or has the same 
function as the second protein. The functional analog 
may be, for example, a fragment of the protein or a' 
35 substitution, addition or deletion mutant thereof. 
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P&ISF DESCRIPTTOW op the ptcttppc 
The present invention will he further understood 
from the following General Description and Examples with 
reference to the Figures in which: 
> Figure 1 illustrates a restriction map of the gene 

encoding the F protein of Respiratory Syncytial Virus- 

Figures illustrates the nucleotide sequence of the 
gene encoding the membrane attached form of the F protein 
of Respiratory Syncytial Virus (SEQ ID No: l) as well as 
the amino acid sequence of the RSV F protein encoded 
thereby (SEQ ID No : 2) ; 

Figure 3 illustrates the nucleotide sequence of the 
gene encoding the secreted form of the RSV F protein 
lacking the transmembrane region {SEQ id No: 3) as well 
as the amino acid sequence of the truncated RSV F protein 
lacking the transmembrane region encoded thereby (SEQ ID 
No: 4); * W 

Figure 4 shows the construction of plasmid pXLi 
containing the gene encoding a secreted form of the RSV 
F protein lacking the transmembrane region 

Figure 5 shows the construction olasmid pXL2 
containing a gene encoding a secreted form of the RSV F 
protein lacking the transmembrane region and containing 
the rabbit 0-globin Intron II sequence; 

Figure 6 shows the construction ' of plasmid p2L3 
containing the gene encoding a full length membrane 
attached form of the RSV F protein; 

Figure 7 shows the construction of plasmid pXL4 
containing a gene encoding a membrane attached form of 
the RSV F protein and containing the rabbit 0-globin 
Intron II sequence; and *' ' ' 

Figure 8 shows the nucleotide, sequence for the 
rabbit 0-globin Intron II sequence (SEQ id No. S) . 
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GENERAL DESCRIPTION OP iNVRKrrjftiJ 

As described above, the present invention relates 
generally to polynucleotide, including DNA, immunization 
to obtain protection against infection by respiratory 
syncytial virus (RSV) and to diagnostic procedures using 
particular vectors. In the present invention, several 
recombinant vectors were constructed to contain a 
nucleotide sequence encoding an RSV F protein. 

The nucleotide sequence of the full length RSV F 
gene is shown in Figure 2 (SEQ ID No: 1). Certain 
constructs provided herein include the nucleotide 
sequence encoding the full-length RSV F (SEQ ID No: 2) 
protein while others include an RSV F gene modified by 
insertion of termination codons immediately upstream of 
the transmembrane coding region (see Figure 3, SEQ ID No: 
3) > to prevent expression of the transmembrane portion of 
the protein and to produce a secreted or truncated RSV F 
protein lacking a transmembrane . region (SEQ ID No. 4) / 

The nucleotide sequence encoding the RSV F protein 
is operatively coupled to a promoter sequence for 
expression of the encoded RSV F protein. The promoter 
sequence may be the immediately early cytomegalovirus 
(CMV> promoter. This promoter is described in ref. 13. 
Any other convenient promoter may be used, including 
constitutive promoters, such as, Rous Sarcoma Virus LTRs , 
and inducible promoters, such as metallothionine 
promoter, and tissue specific promoters. ' 

The vectors provided herein, when administered to an 
animal, effect in vivo RSV F protein expression, as 
demonstrated by an antibody response in the animal to, 
which it is administered. Such antibodies may be us<rd 
herein in the detection of RSV protein in a sample, as 
described in more detail below. When the encoded RSV F 
protein is in the form of an RSV F protein from which the 
transmembrane region is absent, such as plasmid pXLl 
(Figure 4) , the administration of the vector conferred 
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protection in mice and cotton rats to challenge by live 
RSV virus neutralizing antibody and cell mediated immune 
responses and an absence of irrrrrrunopotentiation in 
immunised animals, as seen from the Examples below 

The recombinant vector also may include a second 
nucleotide sequence located adjacent the RSV P protein 
encoding nucleotide sequence to enhance the 
xmmunoprotective ability of the RSV f protein when 
expressed in vivo in a host. Such enhancement may be 
provided by increased in vivo expression, for example, by 
increased mRNA stability, enhanced transcription and/or 
translation. This additional sequence preferably is 
located between the promoter sequence and the RSV F 
protein-encoding sequence. 

This enhancement sequence may : comprise a pair of 
splice sites , to prevent aberrant mRNA splicing during 
transcription and translation so that substantially ail 

ra^itTT enC ° deS ^ " F Pr ° tein - SP-^cally. 

H " ^own in Figure 7 

j °l* ™ y Pr ° Vide SUCh s P lice -it... as also 
described in ref. 15. . 

- ^ The constructs containing the Intron II sequence, 
: «V promoter and nucleotide sequence coding fTr the 
truncated RSV f protein lacking a transmembrane region, 
i.e. plasnud pX&2 ( Figure 5) , induced completfi prot J fcion 

^ m \ Ce againSt ^Henge with live RSV, aa seen in the 
Examples below. In addition, the constructs containing 
the Xntron.Il sequence,-^ promoter and nucleotide 
sequence coding for the full-length RSV F protein i e 
plasraid pXL4 (Figure 7) a i BO '■ ■ ' 

m , fc ^ ,„ 9ure also conferred protection in 

mice to challenge with live ssv • = = 

Examples below. , ' " seea the 

. • ■ . The vector provided herein may also comprise a third 
nucleotide sequence encoding a further antigen f rom 

one immunomodulating agent, such as cytokine. such 



vector may contain said third nucleotide sequence in a 
chimeric or a bicistronic structure. Alternatively, 
vectors containing the third nucleotide sequence may be 
separately constructed and coadministered to a host, with 
5 the nucleic, acid molecule provided herein. 

The vector may further comprise a nucleotide 
sequence encoding a heterologous signal peptide, such as 
human tissue plasminogen activator (TPA) , in place of the 
endogenous signal peptide. 

10 It is clearly apparent to one skilled in the art, 

that the various embodiments of the present invention 
have many applications in the fields of vaccination, 
diagnosis and treatment of RSV infections. A further 
non- limiting discussion of such uses is further presented 

15 below. 

1. Vaccine Preparation and Use 

Immunogenic compositions, suitable to be used as 
vaccines, may be prepared from the RSV F genes and 
vectors as disclosed herein. The vaccine elicits an 

20 immune response in a subject which includes the 
production .of anti-7 antibodies. Immunogenic 
compositions, including vsczines, containing the nucleic 
acid may be prepared as injectables, in physiologically- 
acceptable liquid solutions or emulsions for 
. 25 polynucleotide administration. The nucleic acid: may be 
associated with liposomes, such as lecithin liposomes or 
other, liposomes known in the art, as a nucleic acid 
liposome (for example, as described in WO 9324 64 0, ref • 
17) or the nucleic acid may be associated with an : 

30 adjuvant, as described in more detail below. Liposomes 
comprising^ cationic lipids interact spontaneously and 
rapidly with polyanions such as DNA and RNA, resulting in 
liposome/nucleic acid complexes that capture up to 100% 
of the polynucleotide. In addition, the polycat ionic 

35 complexes fuse with cell membraneB, resulting in an 
intracellular delivery of polynucleotide that bypasses 
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Jli fT?"*™' enzymes of the lysosomal cowmMt . 
Published PCT application TO M/27 „ 5 Scribes 

IZZ^T \°' 9 T tiC arising cationic 

l^de and polynucleotides. Agents „»ich assist, in the 
5 cellular uptake of nucleic acl d, such as calcium ions 

Znt r <m<3 ° Cher «~*~ti- f*=Uitati*g 

agents, may advantageously be used. 

Polynucleotide immunogenic preparations may ai ao be 
10 112 7 " miCr ° Ca ^-' biodegradable 
describes a particulate carrier of a 
£e7f liP f /g ^ -ture that has 

P^i^laL VeCteUrS SUPra M ° lgcuiai — (BVSM). The' 

antigens trinitrophenylated keyhole limpet hemocyanin and 

20 LvcSrr 81 enter ° tOXi11 * ^ ^ :50 poly < DL -l7ctide"- 
20 glycolide) . other polymers for encapsulation are 

gir=oiT d d \ SUCh 88 P ° ly <glycolid *> ' PolyCD L -lactide-co- 
"pS^d C ° POly03Calate - Polycaprolactona, 
" a l^ 1 ^**- 00 -™*™ 1 *^™*) • Poly (esterases) 
polyorthoesters and poly ( , -hydroxybutyric acid) aid 
25 polyanhydrides. ' ■ * aa - ' 

_ Published PCT application WO 91/06282. describes a 
delivery vehicle comprising a plurality of bioadhe^e 
microspheres and antigens. The microspheres bei.g of 

30 9 ' deXtraa ' colia ^ o-. albumin. This 

30 delivery vehicle is particularly intended for the uptake ' 
of vaccine across the nasal mucosa. The delivery vehicle 
may additionally contain an absorption enhanced 

Dha F 9SneS aDd vecto « .-y>. mixed with 

pharmaceutical^ acceptable excipients which are 
55 compatible therewith. Such exe i Dienha * 
water 0 excxpients , may include, 

water, ea l a ne, dextrose. glycerol, ethanol, and 
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combinations thereof. The immunogenic compositions and 
vaccines may further contain aux? liary substances, such 
as wetting or emulsifying agents, oH buffering agents, or 
adjuvants to enhance the effectiveness thereof. 
5 Immunogenic compositions and vaccines may be administered 
parenteral ly, by injection subcutaneously, intravenously, 
intradermally or intramuscularly, possibly following 
pretreatment of the injection site with a local 
anesthetic. Alternatively, the immunogenic compositions 
ID formed according to the present invention, may be 
formulated and delivered in a manner to evoke an immune 
response at mucosal surfaces. Thus, the immunogenic 
composition may be administered to mucosal surfaces by, 
for example, the nasal or oral (intragastric) routes. 
* 15 Alternatively, other modes of administration including 
suppositories and oral formulations may be desirable. 
Fo* suppositories, binders and carriers may include, for 
example, polyalkalene glycols or triglycerides. Oral 
formulations may include normally employed incipients, 
20 such as, for example, pharmaceutical grades of 
saccharine, cellulose and magnesium carbonate. 

The immunogenic preparations and vaccines are 
administered in a manner compatible with the dosage 
formulation, and in such amount as will be 
, 25 therapeutically effective, protective and immunogenic.. 
The quantity to be administered depends on the subject to 
be treated, including, for example, the capacity of the, 
individual's immune system to synthesize the RSV F 
protein and antibodies thereto, and if needed, to produce 
30 a cell -mediated immune response. Precise amounts of 
^ active ingredient required to be administered depend on 
the judgment of the practitioner. However, suitable 
dosage ranges are readily determinable by one skilled in 
the art and may be of the order of about 1 /xg to aboxit 1 
35 mg of the RSV p genes and vectors* Suitable regimes, for 
initial ' administration and booster doses are also 
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r!ll inCla& ° ™ initial '^atracion 

follows by subsequent administrations. The dosage may 
also depend on the route of administration ^ ^ J * 
aceora.no to the size of the host. a vaccine »hi=I 
s Protects against only on. pathogen is a ^ 
vaccme, Vaccines vnich contain antigenic material of 
several pathogens are combined vaccines and also belong 
, to the present invention. such combined vaccina 

10 fro. venous strains of the same pathogen, or from 
combinations of various pathogens. . 

Immunogenicity can be signifioantly improved if the 
ZTZ T C °- aitoinis ""^ adjuvants, commonly used 

1 15 fial 1 SOlUti ° n to P*-sphate-bJfered 

, ~^»: Movants enhance the , immunogenicity of an 

A d 1 uv e °t bUt i.-unogenic theLelve" 

Adjuvants may act by retaining the antigen locally near 

aciiuetint ^T^ 0 " * * ^ 

,t, "J 1 "" 1 " 9 a sl °»' sustained release of antigen to 

= c :n: of ~ imnane ™- mj ™ — 

ueixe to elxcxt immune responses 
Innnunostimulatorv agents or adjuvants have been used 
tor many years to improve the host i™m,„» 
25 for e v anm -i» • immune responses to, 

IdLtir^r; VaCClneS ' Thus ' a ^vant S have been 
So^l tl i-une response to antigens, 

Some of these adjuvants are toxic, however, and can Le 
undesirabi, side-effects, .nafcing t hen, unsuitable" Hs^ T 
in humans and many animals. Indeed , _. 

^ri^t" iit :i:c^ faely uoei m adj ~ - 

* »ide range of extrinsic adjuvants . and other 
«nomodulating material can provoke poten" immune - 

to IT ° anti9enS - ^~ ^' -Ponins comply 
to membrane protein a„ tig ens to produce Lun. 
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st imulating complexes (ISCOMS) , pluronic polymers with 
mineral oil, killed mycobacteria in mineral oil, Freund's 
complete adjuvant , bacterial products, such as nturamyl 
dipeptide (MDP) and lipopolysaccharide (LPS) , as well as 
5 raonophoryl lipid A, QS 21 and polyphosphazene . 

In particular embodiments of the present invention, 
the vector comprising a first nucleotide sequence 
encoding an F protein of RSV may be delivered in 
conjunction with a targeting molecule to target the 
10 vector to selected cells including cells of the immune 
system. 

The polynucleotide may be delivered to the host by 
a variety of procedures, for example, Tang et al. (ref. 
10) disclosed that introduction of gold microprojectiles 
15 coated- with DNA encoding bovine growth hormone (BQH) into 
the. skin of mice resulted in production of .anti-BGH 
antibodies in the mice/ while Furth et al. {ref. 11) 
showed that a jet injector could be used to transf ect 
skin, muscle, fat and mammary tissues of living animals. 
20 2. Immunoassays 

The RSV F genes and vectors of the present invention 
are useful as immunogens for the generation of anti-F 
antibodies for use in immunoassays, including enzyme - 
linked immunosorbent assays (KLISA) , RIAs and other non- 
25 enzyme linked antibody binding assays or procedures known 
in the art. In ELISA * assays, the vector first is 
administered to a host to generate antibodies specific 'to' 
the RSV F protein. These RSV F-specif ic antibodies are 
immobilized onto a .selected surface, for example, a 
30 surface capable of binding the ahtibodies, such as the 
wells df a polystyrene microtiter plate. After washing 
to remove incompletely adsorbed antibodies, a nonspecific' 
protein such as a solution of bovine serum albumin (BSA) 
that is known to be antigenically neutral with regard to 
35 the test sample may be bound to the selected surface. 
This allows for, blocking of nonspecific adsorption 3ites 
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shown schematically ia Pigurea 4 . tQ „ ^ 
encoding the rsv-F was subcloned downstream of the 
xmmediate-early promoter, enhancer and intron A sequences 
of human cytomegalovirus (CMV) and upstream of the bovine 
growth hormone (BGH) poly-A site. The 1.6 Kb Sspl-PstI 
fragment containing the promoter, enhancer and intron A 
sequences of CMV Towne strain were initially derived from 
plasmid pRl^aa obtained from Dr. G.S. Hayward of Johns 
Hopkins University (ref . 20) and subcloned between ScoRV 
and PstI sites of pBluescript H SK +/ - (Stratagene) . 
For the construction of piasmids expressing the secretory 

£"Y°« T P Pr ° tein (PXL1 ^ PXL2 ±n « «* *7. 

foL > ^ EcoR1 ' Baxait fragment containing the truncated 

!soW b T F . CDNA ° ri3inall y Clo »* d - clinical 

folate belonging; to subgroup A .was excised from pRSVF 
(ref 18 and WO 93/14207) and subcloned between ScoRl and 
BamHI sites of PSG5 (Strategene, ref . 14) . Either the 
1.6 kb EcoRI -BamHI fragment or the 2,2 - kb Clat-BamHl 

20 Sin ™L ^ eXCiSed fr0m thS PSG5 ^struct, 
20 fxlled-in with Klenow and subcloned at the Smal site of 

the pBluescript 11 SK */- construct containing the 
promoter and intron A sequences. The 0.6 kb Clal-EcoRI 
fragment derived from p SG5 contained the intron II 
fences from rabbit 0-globin. Subsequently, the 
25 pxasmxds were digested, with Hindlll, filled- in with 
Klenow and digested with Xbal to yield either a 3.2 or 
th « f 3 *** 3 ™*™' Theee fragments were used to replace 

r wT* 1 fra9meat C ° ntaini ^ the awproLer 
30 lr f ^ (Invit ~*-> . resulting in the final pXLl and 
30 PXL2 constructs, respectively. . 

ft,! i COnstrUction <*• Piasmids pressing, the' 

full-length F protein (pXL3 and pXL4 - Figs. 6 ^ v) , 
the full length rsv.f cDKA was excised as a LS kb EcoRI 
fragment from, a recombinant pBluescript .M13-SK 

93/14207, and subcloned at the EcoRI site of pSGS 
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(Stratagene) . Either the 1.9 Kb EcoRI fragment or the 
2.5. Kb Clal-BamHI fragment was then excised from the pSG5 
construct, filled-in with Klenow and subcloned at the 
Sinai site of the pBluescript II SK +/- construct 
5 containing the promoter and intron A sequences* The rest 
of the construction for pXL3 and pXL4 was identical to 
that for pXiil and pXL2, as described above. Therefore, 
except for the CMV promoter and intron A sequences , the 
rest of the vector components in pXLl-4 were derived from 

1C plasmid pRc/CMV* Plasraids pXLl and pXL2 were made to 
express a truncated/secretory form of the F protein which 
carried stop codons resulting in a C- terminal deletion of 
48 amino acids including the transmembrane (TM) and the 
C-terminal cytosolic tail as compared to the intact 

15 molecule. In contrast, pXL3 and pXL4 were made to 
express the intact membrane -attached form of the RSV F 
molecule containing the TM and the cytosolic C-terminal 
tail. The rationale for the presence of the intron II 
sequences in pXL2 and pXL4 was that this intron was 

20 reported to mediate the correct splicing of RNAs. Since 
mRNA for the RSV-F has been suspected to have a tei cteney" 
towards aberrant splicing, the presence of the intr.>n XI 
sequences might help to : overcome this . All four plasmid 
constructs were confirmed by DNA sequencing'analysis . 

25 Plasmid DNA was purified iising piasrifii'd mega kits 

from Qiagen - (Chatsworth, CA, USA) according to the 
manufacturer's instructions. 

sample 2 

This Example describes the immunization o£ mice. 
30 Mice are susceptible to infection by RSV as described in 
ref . 16 . ' "J."'" " 

For intramuscular (i.m) immunization, the anterior 
tibialis anterior muscles of groups of 9 BAI«B/c mice 
(male, 6-8 week - old) (Jackson I*ab. , Bar Harbor, ME, USA) 
35 were bilaterally injected with 2 x 50 /iff (1 Mg/M^ in PBS) 
of pXLl -4 , respectively . Five "days prior to DNA 
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responder cells were incubated with 2 x 10> target cells 
at varying effector to target ratios, in 200 ^ in 96-well 
V-bottomed tissue-culture pl a t e6 for 4 hr at 3 7 o C 
^ Spontaneous and total chromium releases were determined 
? by incubating target cells with either medium or 2 5% 
Triton-X 100 in the absence of responder lymphocytes. 
Percentage specific chromium release was calculated as 
(counts-spontaneous counts) / (total counts -spontaneous 
counts, X 100. Tests were performed in triplicates and 
data are expressed as the means of three determinations. 
For antibody blocking studies in CTL assays, the effector 
cells were incubated for 1 hr with 10 pg/ral final of 

purified mAb to CD4 (GK1 5) (rmf ->i\ ~ 

' ^'^^ ixef. 21) or mAb against 
murine CD8 (53-6 7) , a 

15 " labium r,n i>e fore adding chromium 

« labelled BC or BCH4 cells. To determine the effect of 
anti-class j MHC antibodies on CTL killing, the chromium 
labelled target cells BC or BCH4 were incubated with 20 
■£ of culture s up e mate of . hybridoma that secretes a mAb 
that recognizes * and D- of class I MHC (34-1-2S, (ref . 
20 23) prior to the addition of effector cells 
Example ■• > 

^ This Example describes the immunogenicity and 
protection by polynucleotide immunization by the 
intramuscular route. 

55 i m Z^T^ 1 ^ ^ c ^y respo»Bee following-. 

DNA administration, immune sera were analyzed for 
anti-RSV F igG antibody titre hy ELISA and for- RSV- 
specific plaque reduction titre, respectively. All four 
plasmid constructs were found to be . immunogenic. Sera 

P gained from mice immunized with pXLl-4 demonstrated 

reduc!-" 11 '- 311 ' 1 "^ F l9 ° ^ ^-P^ific plague 

reduction titres as compared to the placebo group (TaSe 
X below, (P.O. 0061 and « 0 .oooi. respectively *»_ 

Whitney Test,. However, there i 9 ^ • 
= ' c +»exe is no significant 

> difference ln either anti-RSV P IgG titxs or ^specific 

Plaque reason titi . amo „ s ^ iraMlni2ed ^/.^J 
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pXLl, pXL2, pXL3 or pXL4 . 

To evaluate the protective ability of pXLl-4 against 
primary RSV infection of the lower respiratory tract, 
immunized mice were challenged intranasally with mouse- 
5 adapted RSV and viral lung titres post challenge were 
assessed. All four plasmid constructs were found to 
protect animals against RSV infection. A significant 
.reduction in the viral lung titre was observed in mice 
immunized with pXLl-4 as compared to the placebo group 
'10 (P<0. 0001, Mann-Whitney Test) . However, varying degrees 
of protection were observed depending on the plasmid. In 
particular, PXLl was more protective than pXL3 
{ Pc=0.O0 103 # Mann-Whitney Test), and pXL4 more than pXL3 
(P=0. 00125) , whereas only pXL2 induced complete 
■15 protection. This conclusion was confirmed by another 
analysis with number of fully protected mice as end point 
(Fisher Exact Test). Constructs pXU., pXL2 or pXL4 
conferred a higher degree of protection than pXL3 
(P<0*004, Fisher Exact Test) which was not more effective 
20 than placebo. Only pXI*2 conferred full protection in all. 
immunized mice . . . . ■ - 

The above statistical analysis revealed that PXLl 
conferred more significant protection than pXL3 . The 
former expresses the truncated and secretory form and the 
. 25 latter the intact membrane anchored form of the RSV F 
protein. Furthermore, pXL4 was shown to be more 
protective than pXL3. The difference between "these two 
constructs is the presence of the intron II sequence in 
pXL4. Construct pXL2 which expresses the secretory form 
30 of the RSV- F in the context of the intron II sequence was 
^ the only plasmid that confers complete protection in ail 
immunized mice. 
Example 4 

This Example describes the influence of the route 
35 of administration of pXL2 on its immunogeni city and . 
protective ability. 
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The i.m. and i.d. routes of DNA administration were 
compared for imtnunogenicity in terms of anti-RSV f 
antibody titres and RSV-specific piaque reduction titres. 
Analyses of the immune sera (Table 2 below) revealed that 
the i.d. route of DMA administration was as immunogenic 
as the i.m. route as judged by anti-RSV F igG and igGi 
antibody responses as well as RSV-specific plague 
reduction titres. However, only the i.m. route induced 
significant anti-RSV F IgG2a antibody responses, whereas 
the IgG2a isotype titre was negligible when the i.d. 
route was used. The i.m. and i.d. routes were also 
compared with respect to the induction of RSV-specific 
CTL. Significant RSV-specific CTL activity was detected 
in .mice immunized intramuscularly. in contrast, the 
cellular response was significantly lower in mice 
inoculated intraderraally (Table 3 below) . in spite of 
these differences, protection against primary RSV 
infection of the lower respiratory tract was observed in 
both groups of mice immunized via either route (Table 4 
20 below). The CTL induced by RSV-F DMA are classical CD8+ 
class I restricted CTL. The target cells, BCH4 
a fibroblasts express class I MHC only and do not express 
sclass II mhc. Further, prior incubation of BCH4 target 
rcells with anti class-I MHC antibodies significantly 
blocked the lytic activity of RSV-F DNA induced CTL line, 
While anti -CDS antibody could partially block lysis of 
BCH4 cells, antibody to CD4 molecule had no effect at all 
(Table 5 below) . Lack of total blocking by mAb to CDS 
could either be due to CTL being CDS independent (meaning 
that even though they are CDS + CTL, their TCR. has enough 
affinity for class I MHC+peptide and it does not require 
CDS interaction with the alpha 3 of class I MHC) or the 
amount of antibody used in these experiments was 
limiting. There was no detectable lysis of YAC-1 (NK 
35 sensitive target) cells (data not shown) . 
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, This Example describes immunization studies in 
cotton rats using pXL2. 

The . immune response of cotton rats to DNA 
5 immunization was analyzed by the protocol shown in Table 
6 below. On day -5, 4 0 cotton rats were randomly 
selected and divided into 8 groups of 5. Cotton rats in 
groups 1 and 7 were inoculated intramuscularly (i.m.) 
into the tiberlia anteria (TA) muscles bilaterally with 

10 cardiotoxin (1.0 £tM) . . On day -1, the cotton rats in 
group 8 were inoculated in the TA muscles with 
bupivacaine (0.25%) . On day 0, several animals in each 
group were, bled to determine levels of RSV-specific 
antibodies,^ in the serum of the test animals prior to 

15 administration of vaccines. All of the animals were then 
inoculated ^i.m. or intraderraally (i.d.) with 200 jig of 
plabmid DNA, placebo (non-RSV- specif ic DNA) 100 median 
cotton rat infectious doses (CRID50; positive control) of 
RSV, or of formalin inactivated RSV prepared in Hep-2 

20 tissue culture cells and adjuvanted in alum. Forty-four 
days later the cotton rats in groups 1 & 7 were 
reinoculated with cardiotoxin in the TA muscles „ Four 
days later (48 days after priming with vaccine), the 
animals in group 8 were reinoculated with bupivacains in 
. 25 the TA muscle of the right leg.. The next - day,- (seven 
weeks after priming with vaccine) all of the animals were 
bled and all, - except those in the group given live RSV, 
were boosted with the same material and doses used on day 
0. 29 days later, each cotton rat was bled and theii 

30 challenged intranasally (i.n.) with 100 CRID50 RSV A2 
grown in Hep-2 tissue culture cells.' Four days after * 
this virus ;;challenge (day +88) all of the cotton rats ' 
were killediand their lungs removed. One lobe from each 
set of lungs was fixed in formalin and then processed for 

35 histologic evaluation of pulmonary- histopathblogy The 
remaining lobes of lung will be assessed for the presence 
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and levels of RSV. Each of the sera collected on ^ Q< 

49 and 78 were tested for RSV-neutralizing act ivity 
anti-RSV fusion activity and kw f cy ' 

™ 7 and RSV-specifxc ELIEA antibody. 

5 shown ^ neUtrali2 ^ titres on day +49 and +78 J e 

A« ^ ?(a> belOW aBd 7(b> below —Pectively 

As can be seen from the results shown in Table 7(a) , on 
day +49 the animals immunized , with live rsv and DMA 
immunization had substantial rsv ™ 
t±ti- M • , • DB ^antial RSV serum neutralizing 

10 R Tt 'x immunized with formalin- inactivated 

10 RSV had a neutralizing titre equivalent to the placebo 
group on day +4S but following boosting titres by day .78 
had peached S.e (leg^o.05,. Boosting had no si^ifLj 
effect upon animals immunized with live RSV or by i m 
plasmid immunization. y i ' m - 

15 RSV titres in nasal washes (upper respiratory tract) 

^ ociow. All of the vaccmes provided protection 
agamst lung Action hut under the=e eonditLs, onTy 

respiratory tract infection. Fper 

The lu» 5a from the cotton rats were examined 

tautologies for pulmonary histopathology Z 2t 

results are shown in Table 10 below with * 

ZZ£tl Y * °* lafl — **» evidences* 
inflation, end those from Group 3, which exhibited the 

-—t PUi^nary pathdogy seen In this s tudy, aU or 

3 0 1 \ 'r 0 " 01 " ° f lm,S ° btained f ™" "» °<*« groups 
>0 looked famlUar. 1... scattered inflatory cellsTre 
present in „ost fields, and there was eo^ tLcceninHr 

dlL"!' , «•■""— *■ -ttd inflatory 

diseases. Large nu^ers of inf ia^tory. eeUs and othel 
evidence of inflation were present in sections of 1^ 
rrc Gxo „ p 3 (in „ hioh f orn elin-inaotivated [ PI) ^ 
vaccine was given prior to vir.s chaUenge, . This jesuTT 
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indicated chat immunization with plasmid DNA expressing 
the RSV F protein does not result in pulmonary 
histopathology different from the placebo/ whereas FI-RSV 
caused more severe pathology. 

5 

SUMMARY OF THE DIS CLOSURE 
In summary of this disclosure, the present invention 
provides certain novel vectors containing genes encoding 
an RSV F proteins, methods of immunization using such 
10 vectors and methods of diagnosis using such vectors <. 
Modifications are possible within the scope of this 
invention; 
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Table 10* Summary of Histopathology Results Seen in Sections of Cotton Rat 
Lung. 



Group 


Treatment 


Major Observations & Comments [ 


1. 


Placebo + RSV 


Scattered individual and groups of macrophages 
and polymorphonuclear neutrophiles (PMN) in all 
fields. Oven thickening of septae. Occasional 
pyknotic cells seen. Overall: mild to moderate 
mxiaminauon. 


2. 


Live RSV 


Isolated macrophages seen in most fields. 
Scattered PMN. Overall: minimal inflammation 


3. 


FI-RSV + RSV 


Virtually every field contains numerous 
mononuclear cells & PMN. Pyknotic cells and 
debris common. Thickened septae. Evidence of 
exacerbated disease. 


5 


riaMLUU T l^O V 


isoiaiea macrophages seen in most fields. 
Occasional PMN seen. Very similar to live virus 
group. 


6. 


Piasmid i.d. 4* 
RSV 


Isolated macrophages seen in most fields. 
Occasional PMN seen. 


7. 


Piasmid + CT 
+ RSV 


Isolated mononuclear cells and PMN seen in most 
Acids. 


8. 


Piasmid + Biv 
+ RSV 


Scattered mononuclear cells and PMN seen in 
most fields. ■ • ~ 


9. 


Normal CR 
Lang 


Few leukocytes evidenced Airy, open appearance, f 
Thin septae. || 



CT = carditoxin 
Biv = bupivacaine 
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CLAIMS 

What we claim is: 

1. A vector, comprising: 

a first nucleotide sequence encoding an RSV F 
protein or a protein capable of inducing antibodies that 
specifically react with RSV F protein; 

a promoter sequence operatively coupled to said 
first nucleotide sequence for expression of said RSV F 
protein, and 

a second nucleotide sequence located adjacent said 
first nucleotide sequence to enhance the immunoprotective 
ability of said RSV F protein when expressed in vivo from 
said vector in a host. 

2. ; The vector of claim 1 wherein said first nucleotide 
sequence encodes a full-length RSV F protein. 

3. / The vector of claim 1 wherein said first nucleotide 
sequence encodes a RSV F protein from which the 
transmembrane region is absent. 

4. The vector of claim 1 wherein said first nucleotide 
sequence encodes a full-length RSV F protein and contains 
a trasislational stop codon immediately upstream of the 

: start of the transmembrane coding region to prevent 
translation of the transmembrane coding region • 
5 - The vector of claim 1 wherein said promoter sequence 
is an immediate early cytomegalovirus promoter. 
S* The vector of claim 1 wherein said second nucleotide 
sequence comprises a pair of splice sites . to prevent 
aberrant mRNA splicing, whereby substantially all RNA 
transcribed encodes an RSV F protein. 

7. The vector of claim 6 wherein said second nucleotide 
sequence, is located between said first nucleotide 
sequence and said promoter sequence. 

8. The vector of claim 7 wherein said second nucleotide 
sequence is that of rabbit 0-globin intron II. 

9. The vector of claim 1 which is pXL2 as shown in 
Figure 5. 
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10. The vector of claim 1 which is pXL4 as shown in 
Figure 7 . 

11. A vector, comprising: 

a first nucleotide sequence encoding an RSV F 
protein or a protein capable of generating antibodies 
that specifically react with RSV F protein, and 

a cytomegalovirus promoter operatively coupled to 
said firsts nucleotide sequence for expression of said RSV 
F protein. 

12. A vector of claim 11 wherein said first nucleotide, 
sequence encodes a full-length RSV P protein. 

13. A vector of claim 11 wherein said first nucleotide 
sequence encodes a RSV F protein from which, the 
transmembrane region is absent. 

14. - The vector of claim 11 wherein said first nucleotide 
sequence encodes a full-length RSV - p, protein and contains 
a translational stop codon immediately upstream of the 
start of the transmembrane coding region to prevent 
translation of the transmembrane coding region. 

15. The vector of claim 11 further comprising a second 
nucleotide sequence located adjacent said first 
nucleotide sequence to enhance the imraunoprotective- 
ability of said RSV F protein: when .expressed in vivo from 
said vector, in a host. v.. -2*.. 

16. The vector of claim 15 wherein said second 
nucleotide sequence comprises a pair of splice sites to 
prevent aberrant mRNA splicing, whereby substantially all 
transcribed raRNA encodes an RSV F protein. 

17. The vector of claim 16 wherein, said second 
nucleotide sequence, is located between' said first 
nucleotide sequence and said cytomegalovirus prxrniofcer-i 

18. ;. The (vector of claim 17 wherein : said second 
nucleotide sequence is that of rabbit 0-globin intron IT . 

19. The vector : of claim 11 which is pXLl as shown in 
Figure 4 . 

20 The - vector of claim 11 which is pXL3 v.s shown in 
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Figure 6. 

21. A method of immunizing a host against diseased caused 
by infection with respiratory syncytial virus (RSV) , 
which comprises administering to said host an effective 
amount of a vector comprising a first nucleotide sequence 
encoding an RSV F protein or a protein capable of 
inducing antibodies that specifically react with RSV F 
protein or an RSV F protein lacking a transmembrane 
region and a promoter sequence operatively coupled to 
said first nucleotide sequence for expression of said RSV 
F protein in said host. 

22. The method of claim 21, wherein the first nucleotide 
sequence encodes a full-length RSV F protein and contains 
a translational stop codon immediately upstream of the 
start of the transmembrane coding region to prevent 
translation of the transmembrane coding region- 

23. The method of claim 21 wherein said host is a human. 

24. The method of claim 23 wherein said promoter 
sequence is an immediate early cytomegalovirus promoter. 
25 . The method of claim 21 wherein said vector is pXLl 
as shown in Figure 4. 

The method, of claim 21 wherein said vector is p30L2 
as shown in Figure 5. 

27 . A method of immunising a host against disease caused 
by infection with respiratory syncytial virus (RSV) , 
which comprises administering to said host an effective 
amount of a vector comprising a first nucleotide sequence 
encoding an RSV F protein, a protein capable of 
generating antibodies that specifically react with RSV F 
protein, or an RSV protein lacking a transmembrane 
region, a promoter sequence operatively coupled to said 
first nucleotide sequence for expression of said RSV F 
protein, and a second nucleotide sequence located 
adjacent said first nucleotide sequence to enhance the 
immunoprotective ability . of said RSV F protein when 
expressed in vivo from said vector in said host. 



Printed from Mimosa 01/05/30 1 1:46:57 Page: 48 



4 / 

28. The method of claim 27 wherein said first nucleotide 
sequence encodes a full-length RSV F protein. 
25. The method of claim 27 wherein said first nucleotide 
sequence encodes, an RSV F protein from which the 
transmembrane region is absent. 

30. The method of claim 27 wherein said first nucleotide 
sequence encodes a full-length RSV F protein and contains 
a translational stop codon immediately upstream of the 
start of the transmembrane coding region to prevent 
translation of the transmembrane coding region. 

31. The method of claim 27 wherein said promoter 
sequence is an immediate early cytomegalovirus promoter . 

32. The method of claim . 31 - wherein said second 
nucleotide sequence comprises a pair of splice sites to 
prevent aberrant raRNA splicing, whereby substantially all 
transcribed raRNA encodes an RSV F protein. 

33. The method of claim 32 wherein said second 
nucleotide sequence is located between said first 
nucleotide sequence and said promoter sequence. 

34. The method of claim 33 wherein said second 
nucleotide sequence is that of rabbit ^-globulin intron 
II . 

35. The method of claim 27 wherein said vector is pXLi 
as shown in Figure 4. 

36. The method of claim 27 wherein said vector is pXI*3 
as shown in Figure 6. 

37. A method of using a gene encoding an RSV F protein, 
a protein capable of generating antibodies that 
specifically react with RSV F protein or an RSV p protein 
lacking a transmembrane region to produce an immune 
response in. a host, which comprises: - *- 

... isolating said gene; ' 1 

operatively linking said gene to at least one 
control; sequence to produce a vector, said control 
sequence directing expression of said RSV F protein when 
said vector is introduced into a host to produce an 
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immune response to said RSV F protein; and 
introducing said vector into the host. 

38. The method of claim 37 wherein said gene encoding an 
RSV F protein encodes an RSV F protein lacking the 
transmembrane region. 

39. The method of claim 38 wherein said at least one 
control sequence comprises the immediate early 
cytomegalovirus promoter. 

40. The method of claim 39 including the etep of: 
operatively linking said gene to an immunoprotective 

enhancing sequence to produce an enhanced 
immunoprotection to said RSV F protein in said host* 

41. The method of claim 40 wherein said immunoprotective 
enhancing sequence is introduced into said vector between 
said control sequence and said gene. 

42. The method of claim 41 wherein said immunoprotection 
enhancing sequence comprises a pair of splice sites to 
prevent aberrant mR23A splicing whereby substantially cell 
transcribed mRHA encodes an RSV F protein, 

43 . The method of claim 42 wherein said immunoprotection 
enhancing sequence is that of rabbit )3-globin intron II. 
44:. The method of claim 37 wherein said gene is 
contained within a plasmid selected from the group 
consisting of pXLX, pXL2 and pXL4 . 

45. A method of producing a vaccine for protection of a 
host against disease caused by infection with respiratory 
syncytial virus (RSV) , which comprises: 

isolating a first nucleotide sequence encoding an 
RSV F protein or a protein capable of generating 
antibodies that specifically react with RSV P protein^' 

operatively linking said first nucleotide sequence 
to at least one control sequence to produce a vector, the 
control sequence directing- expression of said RSV F 
protein when introduced into a host to produce an immune 
response to said RSV F protein; ■" 

operatively linking said first nucleotide sequence 
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to a second nucleotide sequence to enhance the 
inununoprotective ability of said RSV F protein when 
expressed in vivo from the vector in a host, and 

formulating said vector as a vaccine for in vivo 
administration. 

46. The method of claim 45 wherein said vector is 
selected from the group consisting of pXLl, pXL2 and 
pXL.4. 

47. A vaccine produced by the method of claim 45. 

48. A method of producing a vaccine for protection of a 
host against disease caused by infection with respiratory 
syncytial virus (RSV) , which comprises: 

isolating a first nucleotide sequence encoding an 
RSV F protein from which the transmembrane region is 
absent; 

operatively linking said first nucleotide sequence 
to at least one control sequence to produce a vector, the 
control sequence directing expression of said RSV F 
protein when introduced into a host to produce an immune 
response to said RSV F protein; and 

formulating said vector as a vaccine for ^ viva 
administration. 

49. The method of claim 48 wherein- said vector is 
selected from group consisting of. pXLl .and , pXL2 . 

50. A vaccine produced by the method of claim 48\ 

51. A method of determining the presence of a 
respiratory syncytial virus (RSV) F protein in a sample, 
comprising the steps of : 

(a) immunizing • a host with a vector comprising a 
first nucleotide sequence encoding an RSV F protein, 
a protein capable of generating antibodies, that * 
specifically react with RSV F protein, or a RSV F 
protein lacking a transmembrane region, and a 
promoter sequence operatively coupled to said first, 
nucleotide sequence for expression of, said RSV F. 
protein in said host to produce antibodies specific . 
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for the RSV F protein; 

(b) isolating the RSV F protein specific 
antibodies; 

(c) contacting the sample with the isolated 
antibodies to produce complexes comprising any RSV 
F protein present in the sample and said isolated 
RSV F protein-specific antibodies; and 

(d) determining production of the complexes, 

52 . The method of claim 51 wherein said vector is 
selected from the group consisting of pXLl, pXL2, pXXi3 
and pXL4. 

53. A diagnostic kit for detecting the presence of an 
RSV F protein in a sample, comprising: 

. (a) a vector comprising a first nucleotide sequence 
encoding an RSV F protein, a protein capable of 
/ generating antibodies that specifically react with 
RSV F protein, or a RSV F protein lacking a 
transmembrane region, and a promoter sequence 
operatively coupled to said first nucleotide 
sequence for expression of said RSV F protein in a 
host immunized therewith to produce antibodies 
specific for the RSV F protein; 

(b) isolation means to isolate said RSV F protein- 
specific antibodies; 

(c) contacting means to contact the isolated RSV F 
specific antibodies with the sample to^ produce a 
complex comprising any RSV F protein present in the 
sample and RSV F protein specific antibodies, and 

(d) identifying to determine production of the 
complex. 

54. The diagnostic kit of claim 53 wherein said vector 
is selected from the group consisting of pXLl, pXL2, pXIi3 
and pXL4. 

55 . A method for producing antibodies specific for an F 
protein of RSV comprising; 

(a) immunizing a host with an effective amount of 
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a vector comprising a first nucleotide sequence 
encoding an r RSV F protein lacking a transmembrane 
region and a promoter sequence operatively coupled 
to said first nucleotide sequence for expression of 
said RSV F protein in said host to produce 
antibodies specific for the F protein; and 
(b) isolating the antibodies from the host. 
56. A method of producing monoclonal antibodies specific 
for an F protein of RSV comprising the steps of: 

(a) constructing a vector comprising a first 
nucleotide sequence encoding an RSV P protein and a 
promoter sequence operatively coupled to said first 
nucleotide sequence for expression of said RSV F 
protein; and, optionally, 

a second nucleotide sequence located adjacent 
said first nucleotide sequence to enhance . the 
immunoprotective ability of said RSV F protein when 
expressed in vivo from said vector in a host. 

(b) administering the vector to at least one mouse 
to produce at least one immunized mouse; 

(c) removing B- lymphocytes from the at least one 
immunized mouse; 

(d) fusing the B-lymphocytes from the at least one 
immunized mouse with myeloma cells, thereby 
producing hybridomas ; 

(e) cloning the hybridomas; 

(f) selecting clones which produce anti-F protein 
antibody; 

(g) culturing the anti-P protein antibody-producing 
clones; and 

(h) isolating anti-F protein monoclonal antibodies 
' from the cultures. 
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